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FULL-SCALE WIND-TUNNEL TESTS ?!0 DETERMINZI A SATISFACTORY

LOCATION FOR A SERVICE PITOT-STATIC TUBII!

ON A LOT-WING. NONOPLANI!

By John F. Farsons
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SUMMARY

Surveys of the air flow over the upper surface of
four different airfoils were made in the full-scale wind
tunnel to determine a Satisfactory location for a fixed
pitot-static tube on a low-wing monoplane. The selection
was based on small interfere~ce errors, less than !5per- —-..-

cent, and on a consideration of structural and ground.-
handling problems. The most satisfactory location on the
airfoils without flaps that were investigated was lQ per-
cent of the chord aft and 25 percent of the Ehord above
the trailing edge of a section approximately 40 percent of
the semispan inboard of the wing tip. No sa*35~ac”+Z5Yry

— - _____ .

location was found near the wing when the fla~s were de-
flected.

INTRODUCTION

The location of the air-speed head or pressure ele-
ment of an air-speed indicator is of considerable impor-_
tauce if it is to record accurately the speed of the e,ir-
plane relative to the undisturbed air. In general, the
practice with low-wing monoplanes has been to locate the
pressure element immediately in front of the” aiifoil. AI-
though it is evident that this position is probably the
most convenient, it is also known that for this po-sition

.—

the interference effect of the wing is considerable. By
reason of the velocity field set up by the motion of tho
airplane through the air, there probably is ~o posit=
immediately adj~c~nt t-o the airplane at which the pressure
at tho air-speed” head -will not be affected for some atti-
tude of flight. In ordor to prevent damage in ground
handling and to simplify the supporting structure, the- eiF
ement should be installed near the airplane in a prokecte-d

.-
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location at which the installation error will be small for
all attitudes of flight.

The results of previous related investigations (ref-
erences 1, 2, and 3) are in casual agreement and indicate
that the most likely location is somewhat aft and above
the trailing edge of the airfoil at a section inboard from
the wing tip.

At the request of the Bureau of Aeronautics, Navy De-
partment, tests were conducted in the full-scale wind tun-
nel to determine the best serviceable location on a low-=
wing monoplane for the air-speed head. Air-flow surveys
were accordingly made over the upper surfaces of four dif-
ferent airfoils in a plane approximately 40 percent of the
semispan inboard of the wing ttp. In addition, surveys
were made to determine the feasibility of a wing-tip
mounting such as that described in. reference 4.

.

APPARATUS AND TESTS
●

“

The tests conducted were in the form of surveys made
in the full-scale wind tunnel with the survey equipment.
(See reference 5.) The pressure element used in the sur-
veys was an N.A.C.A. type, hemispherical-nose pitot-static
tube. These surveys were made over the upper surfaces of
four different airfoils: a U.S.A. 45 airfoil of elliptical
plan form mounted on a mock-up of a YO-31A airplane (fig.
1); a 2:1 tapered U.S.A. 45 airfoil (fig. 2); a rectangular
N.A.C.A. 23012 airfoil (fig. 3); and an N-22 airfoil
equipped with a 30 percent chord Zap flap mounted on a
T!airahlld 22 airplane (fig. 4). The hinge axis of the
flap was at 80 percent of the wing chord and the flap an-
gle was !59° when the flap was open.

5urveys were made with t-he airfoils at 0° yaw and 0°
roll and at four angles of attack, covering the normal-
flight range, for each airfoil and for the open and closed
flap positions on the N-22 airfoil. The surveys consisted
of the measurement at numerous points in a plane parallel
to the direct-ion of air flow and to the plane of symmetry
of the airfoils of the dynamic pressure indicated by a
pi~ot-static tube. whose axis was at all times parallel to
the airfoil chord. The surveys of the elliptical wing
were made at three lateral stat ions,. an inboard station
approximately 40 percent of the. semi.span from the wing

8
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tip, and at stations approximately 4 percent of the semi-
span inboard and outboard of the tip. As the air-speed
head would. be subject to damage in.ground handling for all ._ ‘
the locations near the wing tip in which the installation
error is small, the surveys of the remaining airfoils were
confined to the iaboard station, approximately 40 percent
of the senispan from the wing-,tip. All surveys were run
at an air speed of approximately” 55 miles per hour, or at
an average Reynolds Number of approximately 3,350,0~. —

A typical test set-up is shown in figure 5. Table I
gives the section ordinates of the various a~r~oil-s”-afi-%h~
survey stations. ...__.

RESULTS .

The results of a portion of the surveys, those for ‘.
the highest and lowest angles of-attack” te-sted, are showr” . “’
plotted in contour form in figures 6 to 19. ‘The co-ntours

‘ are representative of values of q/qtrue (the ratio of

the indicated dynanic pressure at the survey point to the-
dynanic pressure of the undisturbed air flow) and are plot-
ted for the position of the survey points in percentage of
the wing chord. The coordinate axes are parallel and “per-
pendicular’ to the airfoil chord with their origin at the
trailing edge. Summary curves presenting the result_s ‘for
each wing throughout the angle-of-attack-range i“nve”stig”at-
ed are given in figures 20 to 25. These summary curves’

.. ..

show the contour q/qtrue = 1000 and the are-a in which

the installation error does not”exceed ~5 percent. I?Zgur e
26 is a composite curve showing the are~ common to -all the
airfoils at all the angles of attack investigated in”wh-i-ch
the installation error is within *5 per’cent.

DISCUSSION

The values of q as measured are approximately cor-
rect although some angularity of the air flow may- e%is~;
i.e., by reason of compensating errors in the t.o=%a”land
static pressures, the calibration of the pito”t-stat”ic” tu”tie
used is little affected by pitch (approx”irnat”qli 1 ~ercen%.
error in q for 20° pitch) . Although the direction ‘oi
air flow relative to the air-speed head has not b-een-deter-

. mined for this investigation, it appears from ot’he~ te-sis’
—

(reference 1) that this angularity would not exceed 10°---- ----
.
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for the regions in which. satisfactory installations could
be made. l?or servica.heads insensitive to an angularity
of this order, these results are” directly applicable.
For heads in which pitch materially affects tho calibra-
tion, consideration should be given to the angularity of
the air flow for the specific case. The static pressure
may be somewhat in error..even though q is correct. . “

!The su”rveys made outboard of the wing tip (figs. 6,
7, and 20) show a region forward of the wing tip in which
the installation error :isless than A5 percent, An instal-
lation in this unprotecte.ii area would be unsatisf~tory,
however, because of the p-ossi’bility of damage in ground
handling.

.

The possibility of a satisfactory installation of a
fixed. pftot-static tube at--a small distance inboard of the

● wing tip is.-r~mote, as may be seen’ by insp?”cttion of fig-
ures 8, 9, and 21. The effect of the wing-tip vortex
seems to preclude any satisfactory location in this region.

The” inboard surveys (figs~ 10 to 17) show much less
movement of tho Icontour q/qt”rue = 1.00 with -an increase

in angle ,of attack than so the surveys at the Wing tip and
indictie the possibility of some location aft of the air-
foil common to all the--airfoils tested at which t-he interf-
erence error would be les,s‘than 5 percent.

.

The surveys for the E-22 airfoil with tihe 30 percent
chord Zap flap” in t-he open p’ositi.o.n(f-igs. 18 and 19) when
compared with the surveys with the flap closed (figs. 16
and 17) show th6 effect of the flap on the contours of
cl/qtruea These ‘stirvoys show that- no likely position adja-

cent to the airfoil was found. It is interesting to note, “
however, that for the position chosen as satisfactory for
the airfoils without flaps, the ratio of q/qt rue remains

constant (1.41) for all values of the angle of attack for
the flap-down condition.

Summary curves for the inboard station surveys on the
airfoils te,sted are given in figures 22 to 250 .Thes6 ●

curves show the area in mh.ich”a satisfactory installation
could he made for the angle-of-attack range” investigated,
It.is obvious that a considerable area aft and above the

.

tratling edge o.f the airfoil is available” for a location
at- ~hi.ch the interference or instal~atian error i-sl.ss

.

than ~5 percent, an arbitrary value “considered to be the
limit for a satisfactory installation, .



N.A. C..4. Technical Note No. 561 5m

.
●

.

The summary curves of figures 22 to 25 have been
grouped into on: composite figure (fig. 26) to show the” ‘-

.——

available area at an inboard station in which a Zi6t”is-
factory installation could be made. The solid line of
figure 26 a~proximates the med,ian line of this area. The
results of previous investigations (references 1, 2, 3, and
unpublished results of flight tests conducted by the ‘
N.A.C.A.) are also plotted in figure 26 and lie-w”it~n the
area shown to be satis~actory by this i-nvestigation.

From the present investigation it can therefore %e
concluded that, for the airfoils tested, a. satisfactory
location for the air-speed head or pressure element of an
air-speed indicator is at a section approxititely 40 per-
cent of the semi span inboard of the tiy and 10 percent of
the section chord aft and 2!5 percent of the- sectl~fi”~ord
above %he .tra.iling edge of this section. In the iiistalla-
tion of a service head at this location, the effect tif
pitch upon the c.ali~rat$on of the individual head rnus% be
considered. This” installation position seems to offer no
particular difficulty from structural consideratio~s. In ‘-”
order further to eliminate the possibility of damage while
on the ground, the element might be htnged to perrn$i fold=
ing over the wing. The proximity of.the ailerons to the
location chosen as satisfactory by this investigation may
cause an error in the air-speed reading u~on aileron de-.
flectiono The effect of a momentary deflection of the ai-
lerons will probably be negligible; however, for a SUS-
tained aileron deflection, as in a sideslip, an error in =
the i~dicated air spee,d.will dou%tless resul!.

—

,.

CONCLUSIONS

1. When interference errors as well as structural
and ground-handling problems are considered for the air-
foils tested, a satisfactory location for the air-speed

.—

head or pressure element of an air-speed indicator on a
low-wing monoplane would be 10 percent of the chord aft
and 25 percent of the chord a%ove the trailing edge of a
section approximate.ly 40 percent of the semispan inboard
of tho wing tip. .-—

2. The effect of the wing-tip vortex and the possi-
bility of damage in ground handling seems to rend~r lna”d-
visable any installation of the air-speed head near thti
wing tip.

.
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3. The effect of the split trail lng-edge flap on the
velocity field around the airfoil is to increase t-he ve-
locity above and aft of -the wing and thereby to permit of
no satisfactory location adjacent to the airfoil.

Langley Memorial..Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

%angley ‘Field, Vs., February 28, 1936. “
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TAmJ I

s~TIO!J ORDIIIATES AT SURVEY STATIOHS

{ Saotion ordinatea in percentage of ohoml }

{
Stations in peroentaga of ohord from L. E.

}

Airfoil . . . . . . . . . . . . .
Elliptloal plan form

U. S. A. !5

size ................ 7.36(- ala) w 45.75f{

Survey station from
kirfoil Oanter line. 13 ft.Jjbin.

Chord...............kft.ml% iL

Station lUmerlLower

E
100

1.76
4.12

?’~;l~:
.

10.
11. dg:g
11:73

i
10. 1

;: ;
4.23
2.37I
1.22

.10

1.76
.36

::8
-i.g

-1:54
-I .72
-1.iJ3
-1.91
-1.95
-1.90
-1. 2

i-1. 1
-1.02

-.58
-.32
-.10

= ft.3/4 in,

lft.$15/yiI&

~

2:1 tapered
. 9. A. 45

r.36(!ua Ohn’d]
–?z_?!!hd!iS__

13 ft. O in.

ft.2-l/32 in<

pper

z
3*95
5* 7

J
?0
:19

0.29
1.!30
2.72
2.94
2.74
1.70
;.g
.

::5
z2. 2

1.
T.1

Lower

1.63
.2

i
:::0

-1.10
-1.37
-1.74
-1.g8
-1.yl
-2.06
-2.09
-2.02
-1.g4
-1*55
-1.12

X
-.14

N. YH%012

6 by $ ft.

11 ft. O in.

6 ft. O in.

Lower

-?. 23

z
-1. 1
+6:

-2.92
->.50

t
: q

-4.46
-4.4’g

:;:;T

:::%
-1.23
-.70
0

2

~
H-22

with Zap flap ~

5.21 (mean ohord) ~
.__k_,&@.&__ ~

9 ft. 4 In. ~

*

;:%i
6.60
Lt.40
9.50

4
10. 2
11. 4
12.19
12. 5

z12. 2
12.12
11.36
9.76
7.g6
!3.64

?:E
.2h

5 ft. 6 in. “
m

Lower m
v

:E
.(Y3

:2
.32
.26
.14
.04
.06
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Incidence, 1/20
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Figure 2.- The survey station for the 2:1 tapered U.S.A. 45 airfoil.
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Figure 3.- The survey station for the N.A.C.A. 23012 airfoil.
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L

#

0.431 :
i

Dihedral, 1.1°
Incidence, 1.00
Mesa chor~, 5.21 ft.
Flap chord, 1 ft. 7.8 in.

o

4 ●- The survey station for the Fairchild 22
airfoil and Zap flap.

Fig. 4
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Figure 6.- YO-31A mock-up. wing: 7.38 (meanchord)by ~~ ;t., UJ3.A. 45 sectionprofile, ~
ellipticalplan fonn. survey stationtQ.04~Bmis~im outbo-a@.of wing tip. Co-—.——

ordtnategi,npercentageof chord at station0.036 semtspaninboardof wing tip, chord
3 ft. 5 15/32 fn. Pitot axis Parallelto fi% fiofi.Contms Of q/qtme, a = -0.40,
c~ =0.153
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Figure 7,- YO-31Ammk-up.tiing:7.38 (meanchord)~,45.75 ft., U.S.A. 45 sectlonprof~le,
ellipticalplan form. Survey statl.on:0.043 semispeaoutboard~f,+w\ng,tip.Co-

or~luatesin percentageof chord at stationO.~ semi~-~-i-nb-ofi--~f%ng ttp, chord,

3 ft. 515/32 in. pitot axispmallel to wing dmrd. Con~owS of ~qtwe, a= 15.9°,

‘L = 1.345
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Figure B.- YO-3L4 IWCIWIW: Wing: 7:38 (me= chor~) W 45.75 ft., U.S.A. 45 section profile,
ellipticalplan form. Survey etation:0.036 wmi~ea inboardof wing tip. Ohord

at arvey statio~t3 ft. 5 15/32 in. Pitot exis Tarallel to wing chor& Coordinate in per-
0 40, ~ = 0.163centage of’chmd. Contows of q)qtme~ m = - .
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Fbyre ,9.- YO-31Amcmk-uP. Ring: 7.38 (mezuchord) by 45.75 ft., U.S.A. 45

elliptical TJlm form. SWVW station: 0.036 mmispan inbaard of

3040 EJ360

section profile,

ting tip. Chord

at ~ey stati&l 3 f;. 5 15/32 in. P~tot ax.isow.rallelto ;hg chord.Coordinatesin par- ~
centegeof chord..Contows of q/qtNe, u = 15.9 , CL = 1.345
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Yipme lf).-Y&31A mockup. Wing: 7.38 (mean chori) by 45.75 ft., U.6.A. 45 sectionprofile,
ell~pticalplan form. 3urvoY Etation:0.429 semiapaninboardof ti~g tip. (hor~

at eurvw station:B ft. 3 13/32 in. Pitot.axiE Parallel to wiw Chord.Coordinate in ~er.
~~”; CL =().153 -centtge of chord. Contour~ of qjqtne, a = - .
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It@ure U.. YO-31.A mock-up. Ting: 7.38 (mean chord) by 45.75 ft. , U.S.A. 45 sectionprofll.le~
ellipticalplan form. Survleystation:0.429 semispaninboardof wing tip. Chord,

at mrvey station:8 ft. 3 13/32 in. P~tot axis parallel to Wing chord.Coordinate in per-
centageof chord.Contoursof q/qtwe, u = 15.9°, CL =1.345

I

i,
1.

I
,,

I 1. !;!



&,, 1,

I

I

—

- -t
--–-j-

[ ““

140 130 120 11O 100 9; 80 ‘

Fizore 12.- 2!1 tapsredU.S.A. 45 airfoil,7.38 (meanchord)by 45.’75ft. ~ey station:0,432
semispaninboardof wing tip. Chord at survey station:7 ft. 2 in. Pitot axis

parallel to airfoil chord.Coordinatesin percentageof chord.Contoursof q/qtne, a = -0.5°$

y = 0.240
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Mgure 13.- 2:1 taperedu.S.A. 45 airfoil, 7.38 (aeanchord)~ 45.’75 ft. Survey statiion~ 0.432

mniepan inboard of wing tip. Chord at eurvey station: 7 ft. 2 in. Pitot axis ;

parallel to,airfoil chord. Coorciinates in percentage of chord. Conto~e d ~/qtwej a ‘ 16.3°,

~ =1.300
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3@ure 14.- Rectan@ar I?.A.C.A. E3)12 airfoil, 6 by 36 ft. Survey station: 0.3~9 semi.span ~

@boar~ of wing tip.Pitot axis parallel to;airfoilchord. Coordinates?.uper-
0 20, ~ =q.070centagoof chord.cont~s of q/’ltms~a = - .
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Fhure 15.- Rectaagular N.A..C+L 23012 airfoil, 6 &J 36 ft. 3urvey station: 0.389 senispan

inboard of wing tip. Pitot axiB parallel to airfoil chord. Coordinate in per-

centage of chord. Contorms of q/qtne , u = 17.1°, ~ =1.327
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Figure 16.- If%irchild 22 with Zap flap. Wing: 5.21 (mean chord) by 32.83 ft., N-22 section prof ‘he,

rectan@Lm (rouded tip) fo~. @ flap: chord, 1.65 ft. ~ tot~ flaP area! Q.O sq. ft. ,
flap closed, 6f = 0°, binge axis at 70 percent chord. Survey station: 0.431 semispan inboti of wing

tip. Chord at survey etation: 5 ft. 6 in. Pltot axiB p~allel to wing chord. Coordinates in per-

centwe of chord. Contours of q/~me , a = -0.8°, ~ = 0.376
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Figure 17.. Falrchili 22 with Zap flap. Wing: 5.21 (mean chord) by 32.83 ft. , R-22 section profile,

recta~ar (rounded. tip) plan form. Zap flap:chord, 1.65 ft., total flap area, 44.0

S%. ft., flap closed, 6f = 0°, hinge =is at 70 percent chord. 6uxvey station; 5 ft. 6

in. Pitot axis para~lel to wing chord. Coordinates in percentage ef chord. Centours

of ~qt~e# a = 17.0 , CL = l.~.
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EUm.re 18.-

\

/Fairchild 22 with Zap flap. lVing:5.21 (+.oa chord) by 32.83 ft., N-22 section

profile, nectanmhr (romied tip) plan form. Zap flap: chord, 1.65 ft.,

total flap area, 44.0 sq. ft., flap open, af = 59°, hinge axis at 83 percent chord.

%rvey station: 0.431 semiepan inboard of wing tip. Chord at survey gtation; 5 ft. 6 In.

Pitot axis parallel to wing chori. Coordinates in percentage of chord. Contours of

qlqtrue, a = -1.9°, ~= 1.,286
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TFlgure 19.- I%irchild 22 with Zap flap. Wi~, 5.21

/

(mean chord) by 32.83 ft., N-22 section

profile, recteagular (rounded tip) plan farm. ZeqIflap, chord, 1.65 ft. total flap

area, 44.0 sq.ft., flap open, 6f = 59°, hinge aris at 80 percent chord. 8urvey etation, 0.431

semiepam inboard of wing tip. Chord at survey station, 5 ft. 6 in. Pltot axie parallel to wing

chord. Coordinates in percentage of chord. Contours of q/qtne, d= 15.90 , ~=2.38Q
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d qtrue a CL

I.QO -0.4° 0.153

—. — 1.00 4.7° .54G

1.00 10,7° .’389—-

-—.-.—- - l.m 15.9° 1.34’5
~y,~ q/qtme~thin15p ercentofl.~

at all value5 of G

Fieure ,20.- YO-31.AmoCk-~. W&: 7.~8 (mean chord) by 46.75 ft., U.S.A. 45 Bect%on profile,
. 0.043 semiepau~tboard of fin? tfP. CMellipti@l plan form. SuJ’VOY station.

~flMtaE in percentage of chord at station 0.036 semi- inboard of ~ng tip. 3 ft.
5 15/32 in.

chord. Pitot axis parallel to wing chori.
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d’ltme a ‘?G

l.(x) -0.40 0.153

—— — 1.00 4.70 .540

—.— 1.00

--------- 1.00

10.70 .989

15. 9’J 1.346

rzvzj d%tme within ~5 percent. of 1.00

at a = -0. @

&yy Q/,,me ~i~~~ ‘5 Pe’cen’ “f 1.OO
at values of a , 4.7° to 15.9°

~i@re 21.- yo-3IAMo&.up. Wing: 7:38 (mean chord) by 45.75 ft., U.S.A. 45 section profile, !

elliptical plan f .

r

Suvey station: 0.036 semi.spa inboard of wing tip. Ohord

at ~rvgy station: 3 ft. 5 15 32 in. Pitot ~s paJ-lel to wing chord. coor~nate~ inpe~ }

centage of chord.
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1

x .*, ,.

d ~true a
CL

—. I.:-l -0.4° 0.153 w~~ ~qtme within 55 percent of 1.0;

—. — 1.00 4,70 .54!3 at values of a , -0.4° to 4.7°

—- — 1.00 10.70 .989

-------- 1.00 15.9~ 1.345
,, ~~x~ ~qtrue within 25 percent of 1.00

at all values of a

Figure 22.- YO-31A mook-hp.~ Wing: 7,38 (-n chord) by 45.’75 ft., U.S.A. 45 section profile,

elliptf.cal pl~form. Survey station: 0.429 semispan inboard of wing tip. Chord

at survey station: 8 ft, 3 13/32 in. Pitot axis parallel to wing chord. Coordinates in per-

cent~e of chord.
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Figure 23.-

‘d!lt~, fi CL

l.ioo .0.5° 0.240 ~~j q/qtne within+5 percent

of 1.00 at values of cc ,

l.cil 4.70 .612
-0,50” to 4.%+

1.00 10.8° 1.043 h~~~ ~%me within*5 percent

1,(20 16.3°

of 1.00 at all values
1.300 of a

2:1 ~apereaU.S,A.45 airfoil,7.38 (meanchord)%Y 45.76 ft. Surv~ station:0.432

sedepan inboardof wing tl??.Chord at muvey station:7 ft. 2 in. Coordinatestn
percentageof chord.Pitot ad.s parallel to airfotlchord.
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*1
I

.— . 1.00 5.3? .466

—.— 1,00 11.6° .9442

1.00 17.1° i.,327 I 2------ -.

IPiwme we bectan~=~.k.c.~. ‘23012 airfoil, 6 lU 36 ft. 2urvew etation: 0,389 ~emi.qpm inboard ~

of wing tip. Pitot axia~lld to airfoil chord. Coordl.nate~ ip percen~e of chord. ~

I

I

I I I I



w ,%* -,. . 4L

‘llM’ue z CL

1.M -0.8° 0.3715

—— — 1.03
~.70 .7’70

—-— 1. IX) 11.20 1.222

------- l.m 17.0’3 1.422

Y~z ~qtrue within~5 percent of l.fx)
at values ofa , -0.8° h 4.7°

h~~ Jqtrue within *5 percent of 1.00
at all values of a

Flwe 25.- Fairchlld 22 with Zap flap. Wing: 5.21 (mean chord) by 32.63 ft., N-22 section

profile, rectam@ar (rounded tip) plan form. Zap flap: chord, 1.65 ft., total.

flap area, 440f) sq. ft., flap closed, ~f . 09, hinge axis at 70 percent chord. Survey S’k-

tion: 0.431 semispan inboard of wing tip. Chord at survey station: 5 ft. 6 in. Fitot. axiE

parallel to wing chord. Coordinates .in percentage of chord.
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N.A.C.A. Technical Note No. ffil rig 26

Boundaries of *5 percent installation error

— — 2:1 tapered U.S.A. 45 airfoil

------- Rectangular N.A.C.A. 23012 airfoil
—..— Elliptical U.S.A. 45 airfoil on YO-31A mochup

—-— N-22 airfoil with Zap flap, bf = 0°, on
Fairchild 22 airplane

—--!=’4–’+---%--% -%--+

10 m WI 4!2 .5?3 —
Distance aft of trailing edge in percentage of chord

Figure 26.- Area for installation of the pressure element of an -
air-speel indicator
perceni of semispan

on a monoplane at a section 40
.-

inboard of wing tip.


